Abstract. Presently, the use of new technologies for the acquisition of 3D geographical data on time is very important for urban planning. Applications include evaluation and monitoring of urban parameters (ie. volumetric data),indicators of an urban plan, or monitoring built-up areas and illegal buildings. This type of 3D data can be acquired through an Airborne Laser Scanning system, also known as LiDAR (Light Detection And Ranging) or by Unmanned Aerial Vehicles (UAV). The aim of this article is to use and compare these two technologies for extracting building parameters (facade height and volume). Existing literature evaluates each technology separately. This work pioneers benchmarking between LiDAR and UAV point-clouds. The basic function of LiDAR is collecting a georeferenced and dense 3D point-cloud from a laser scanner during flight. Therefore it is possible to obtain a similar 3D point-cloud using processing algorithms for stereo aerial images, obtained by large or small-format digital cameras (the small-format camera implemented in Unmanned Aerial Vehicles). The chosen study area is located in Praia de Faro, an open sandy beach in Algarve (Southern Portugal), limited west by the Ria Formosa barrier island system. The area defined has an extension of 300100m. The methodology is divided in two distinct stages: (1) building parameters extraction, (2) comparative technology analysis. Lidar point-cloud resolution is approximately 6 pts/m2 and UAV pointcloud 60 pts/m2. FOSS technologies have proven to be the most adequate adequate platform for the development and diffusion of advanced analytical tools in the Geographical Information Sciences (GISci). Data management in this paper is supported by a Geographical Database Management System (GDBMS), implemented using PostgreSQL and Post-GIS. Statistical analysis is performed using R whilst advanced spatial functions are used in GRASS.
Introduction
The automatic extraction of buildings parameters, such as building height and volume, can be most useful in urban planning contexts. These parameters, extracted from advanced remote-sensing technologies, allow producing 3D building models to support the monitorization of urban plans and keep track of different parameters such as illegal changes in built-up areas (new block buildings or number of floors) and a better visualization of the proposed plan in public discussion. These parameters can also be of help in gathering more precise urban indicators.
Advanced technologies such as airborne laser scanning and low-cost UAV (also called UAS -Unmanned Aerial Systems) imagery allow a higher degree of automation in acquiring 3D data, in opposition to the classical methods of digital photogrammetry. This is quite important because the classical stereorestitution performed in a digital photogrammetric workstation (defined by a human operator) for accurate measurement in a large set of buildings is very time consuming. Both technologies produced a 3D point-cloud data which represents a set of georeferenced data points in a three-dimensional coordinate system. These dense clouds can be acquired automatically through an active aerial sensor system laser scanning or from the combination of UAV and automated dense multi-stereo image-matching processing.
The LiDAR point-cloud is acquired from a LiDAR (Light Detection and Ranging) system. The basic principle of LiDAR system is to record a set of discrete and massive elevation points above datum using a laser scanning and a direct georeferencing system (GPS/INS -Inertial Navigation System). The laser emits millions of pulses per second to the ground and part of those backscattered pulses return to the laser. At the same time each pulse can be directly georeferenced by the position and altitude of an airborne sensor to the local coordinate system (or six parameters of exterior orientation). All points of a LiDAR point-cloud are obtained from these pulses, which are classified as first and last return. The coordinates of these points are obtained from the following parameters: i) the time between the emission and reception of an energy pulse in sensor (distance value); and ii) from the six parameters of exterior orientation given by GPS/INS. The point density of LiDAR data depends of the flight height (which defines the footprint size of pulse) and the particular characteristics of Laser scanning (beam divergence and effective measurement rate of laser scanning).
The survey of urban areas for 3D modelling of buildings requires a small footprint of pulse LiDAR in tandem with high point density [7] . The UAV pointcloud requires an automated multi-stereo aerial matching processing of UAV imagery. The UAV system is a low-cost and ultra lightweight aerial photogrammetric system, which is able to collect very high-resolution imagery with a higher overlap (80%-90% in flight line). This system integrates a small-format digital camera and a miniaturized direct georeferencing system (GPS/INS). Some of
